Cell-penetrating nitroxides as molecular sensors for imaging of cancer in vivo, based on tissue redox activity.
The present study shows that hydrophobic and cell-penetrating piperidine-type nitroxide radicals SLENU and TEMPOL, but not hydrophilic and partially penetrating or non-penetrating pyrrolidine-type nitroxides carbamoyl-PROXYL and carboxy-PROXYL, are appropriate contrast agents for magnetic resonance imaging (MRI) of cancer, based on its functionality - tissue redox activity. The experiments were conducted on anesthetized mice: healthy and neuroblastoma-bearing in a moderate stage of cancer development. The method is based on the nitroxide redox cycle, coupled with appearance or disappearance of the MRI signal. The half-life (τ(1/2)) of a nitroxide-enhanced MRI signal in the respective tissue was used as a marker to assess tissue redox activity to the nitroxide radical. In the case of SLENU and TEMPOL, there were large differences in the histograms between control and cancer-bearing mice. All tissues (cancer and non-cancer) of cancer-bearing organisms were characterized by a long-lived MRI signal (τ(1/2) > 14 min), indicating a high oxidative activity. The tissues of healthy organisms were characterized by a short-lived MRI signal (τ(1/2) = 1-3 min), indicating a high reducing activity. In the case of carbamoyl-PROXYL and carboxy-PROXYL, there was no difference in the histograms between control and cancer-bearing mice. The data show that the penetration of nitroxide in cells and tissues is obligatory for imaging of cancer, based on its redox activity. The principle of the method is applicable also to biopsy specimens, using MRI or EPR spectroscopy. We provide direct evidence that the nitroxide redox cycle could be used as a sensing platform for functional imaging of different pathologies, based on changes in cellular and tissue redox activity, as in the case of cancer.